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International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt or by the letters "NR M , in the right-hand column, the priority 
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within a time limit which is reasonable under the circumstances. 
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Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 
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Applicant's or agent's file reference 
001 


IMPORTANT NOTICE 


International application No. 
PCT/JPOO/04641 


International filing date (day/month/year) 
12 July 2000(12.07.00) 


Priority date (day/month/year) 
14 July 1999 (14.07.99) 


Applicant 

MATSUO, Eikl 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

us 



In accordance with Rule 47.1(c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 
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date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 
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Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 
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Rps ponsp to the written opinion 1mm the International 

Preliminary Examining Authority 

5 CONTENTS OF THE ANSWER 

( 1 ) Examiner decided that the invention of the present 
patent application lacks inventiveness on the basis of the 
claims and the cited references 1 to 7 mentioned in the 
international search report. The applicant corrects the 

10 claims and adds new claims and brings forward the following 
counterargument on the basis of the corrected claims. 

(2) Constitution of Optical System: As obvious from 
the corrected claim 1, the basic constitution of the optical 
system of the present invention is designed to make light 

15 beams emerging from a reducing conjugate plane A travel 
through a first optical system including, in combination, 
a plurality of optical elements, and capable of converging 
function, and the same to be projected on an enlarging 
conjugate plane B by a second optical system so as to fall 

20 obli quely on the enlarging conjugate plane B to form a 
substantially similar enlarged image. 

(3) Definition of Reference Axis of Optical System: A 
definite reference axis like an optical axis cannot be defined 
because each optical system employs decentered optical 

25 elements and free- form surfaces. Accordingly/ each optical 
system needs a defined axis to specify the respective 
positions of the individual optical elements . In the present 
invention, the defined axis is designated as reference axis - 
According to this designation, each reference axis seems to 

30 be set entirely optionally. However, since the oblique- 
incidence imaging optical system of the present invention 
is provided by developing a decenter system, the reference 
axes are physically significant when the reference axis of 
the first optical system is determined selectively so as to 

35 be substantially perpendicular to the reducing conjugate 
plane A and the reference axis of the second optical syste m 



2 



is determined so as to be substantially perpendicular to the 
enlar ging conjugate plane B . 

(4) Converging Conditions for Each Optical System: In 
this decenter system, the ultimate simplification of the 
5 second optical system having an enlarging tendency is an 
essential condition for the expansion of the field of 
practical application of the system- The simplification of 
the second optical system reduces the degree of freedom of 
design, and most of the degree of freedom is used for the 

10 spatial distribution of the light beams (principal rays) for 
forming the substantially similar enlarge image. 

With a light beam that forms an image at a part of the 
conjugate plane B relatively close to the optical system, 
the distance between the optical system and the conjugate 

15 plane B is short, and the special distribution of the second 
optical system needs a strong enlarging effect. The strong 
enlarging effect corresponds to providing a part of the second 
optical system thro u gh which the light beam passes with a 
ne gative power, a corresponding part of the first optical 

20 system must have a positive power to make the light beam 
passing the part of the second optical system, having the 
negative power form an image on the conjugate plane B. The 
following two conditions among the converging conditions for 
the first optical system specify such necessities. 

25 SI Lll s SI + S2 

SI 25 L21 SI + S2 

In the conjugate plane B, differences in distance 
between light beams relatively farther from the optical 
system are large and different conditions must be set. 

30 Moreover, as the second optical system is simplified, a 
direction in which the shape is determined substantially, 
forcibly and a direction in which the shape is determined 
subordinately for the special distribution of light beams 
become apparent. This can be readily understood from the 

35 imagination of a single reflecting surface having the least 
degree of freedom. Even if an isotropically converging light 
beam falls on such a second optical system, conditions for 



3 



imaging on the conjugate surface B cannot be satisfied. 
Therefore, it is necessary to produce a light beam converging 
in different converging states for light beam sections by 
the first optical system and to send the same light beam to 
5 the second optic al system. Such converging conditions for 
the light beam sections to be satisfied by the first optical 
system. 

L11/L12 < 0.25 

0 < L21/L2n < 1.5 

10 (5) Thus, we believe that the constitution of the 

present invention, the functions of the optical systems and 
conditions to be possessed by the optical systems can be 
precisely understood from the contents of the corrected 
claims and that it is apparent that the optical system of 

15 the present invention has features which cannot be found in 
the conventional optical systems. 

(6) Cited References: Cited references on the basis of 
which examiner made a decision are different from the present 
invention in basic idea and constitution. Differences of the 

20 cited references from the present invention will be made clear 
by the following description. 

(7) Cited Reference 1 (JP 10-153736): The invention 
disclosed in cited reference 1 is a te le p hototype projection 
lens having a lo ng focal length and comprising a negative 

25 group + a positive group + a weak resin lens group arran ged 
in that order from a reducing side. This prior art projection 
lens differs from the present invention in the power 
arrangement of the basic optical system. 

(8) Cited Reference 2 (JP 5-203871): An optical system 
30 disclosed in cited reference 2 is an ordinary retrofocus 

optical system of simple construction. In comparison with 
the present invention , this optical system can be divided 
into a positive group of four optical elements on a reducing 
side, and a negative group of a single optical element. This 
35 optical system is not intended for application to an 
oblique-incidence optical system. All the light beams 
emerging from the positive group c o nver g e on converging 



4 

points nsar the pnsitw P group regardless of field ang l e and 
i i ght be^m spction. which is obviously different from the 

present invention. 

(9) Cited Reference 3 ( JP 10-282451 ): An optical system 
5 disclosed in cited reference 3 is intended to realize an 
oblique-incidence optical system by combining a decenter 
system and a decenter optical system. It is considered that 
a retrofocus type as mentioned in cited reference 2 is applied 
to a decenter system, and the decenter of an optical element 

10 is used positively to supplement insufficient degree of 
freedom . When comparing this optical system with the present 
invention, this optical system can be divided into a positive 
group of five or six optical elements on a reducing side, 
and a negative group of a single optical element. If the 

15 negative group is omitted to confirm the converging state 
of the positive group, all the light beams have converging 
points at distances in the range of 130 to 136 mm behind the 
positive group near the negative group, which is obviously 
different from the present invention. 

20 (10) Cited Reference 4 ( JP 5-134213) : An optical system 

disclosed in cited reference 4 includes a pos i t i ve project i on 
ipn S having an ind ependent imaging effect disposed on a 
reducing side, and a shape converter, which is essentially 
different from the first optical system of the present 

25 invention not having an independent imaging effect. 

(11) Cited Reference 5 (U.S. Pat. 5,274,406): An 
optical system disclosed in cited reference 5 includes a 
r r,gii-ivf> projprtion l e ns having an i ndependent i maging effect 
and disposed on a reducing side, and a Fresnel reflecting 

30 mirror, which, similarly to the optical system mentioned in 
cited reference 4, is essentially different from the optical 
system of the present invention having the first optical 
system not having an independent imaging effect. The 
relation between Dl and D2 in cited reference 5 is Pi > D2 , 

35 and the optical system mentioned in cited reference 5 needs 
a large Fresnel reflecting mirror. 

(12) Cited Reference 6 (U.S. Pat. 5,716,118): An 



optical system mentioned in cited reference 6 realizes an 
oblique-incidence optical system by using the 
characteristics of an afocal system. More specifically, the 
optical system includes a positive group including decentered 
5 refracting optical elements an d disposed on a reducing side, 
and a positive concave reflecting mirror , which is obviously 
different from the optical system of the present invention 
including a positive group disposed on a reducing side, and 
a negative group- The relation between Dl and D2 in cited 

10 reference 6, similarly to that in cited reference 5 , is DLL 
> D2 and the optical system mentioned in cited reference 6 
needs a large concave reflecting mirror. 

(13) Cited Reference 7 (U.S. Pat. 5,871,266): The 
invention mentioned in cited reference 7 intends to realize 

15 an obli que-incidence optical system bv a compa ratively simple 
reflecting system by optimizing basic conditions to be 
satisfied b y an illuminating system. An illuminating system 
including a light source is contrived to use light beams 
effectively in a comparatively large f number (small cone 

20 angle) in an attempt to reduce load on an imaging system. 
However, since the cone angle of light beams emitted by the 
illuminating system is limited to 8° or below (f number of 
7 or above), load on the light source is large and it is 
difficult to employ the optical system in a projection system 

25 required to project a bright image. According to the present 
invention, conditi ons f o r r e a l iz i ng an ob .l i gue- i ncidence 
optical system are found only by the proje cting system without 
dependi n g on a special illuminating system , which is the 
significant difference of the present invention from the 

30 cited reference 7. The present invention is capable of 
realizing an optical system having a small f number without 
depending on the f number of the illuminating system 
regardless of the type of the component optical elements 
(reflecting system and refracting system) . 

35 (14) Published Paper ( JP 11-237543) : An optical system 

mentioned in this published paper is based on the s ame idea 
as the optical system mentioned in cited reference 3 and is 



6 



equivalent to the same in basic construction. Suppose that 
a negative lens disposed on an enlarging side constitute a 
second optical system, and the rest of the optical elements 
constitute a first optical system. Ilieiu — liglit — beams 
5 emergin g from the first opt i c a l system f orm an i mage i n the 
y-irfin-it y of the first o ptical system regardless of their li ght 
beam sections , 

(15) Published Paper (JP 2000-89227): A projecting 
system mentioned in this published paper employs an of f- 

10 axial optical block integrally combining an aspherical 
refracting surface having one or less symmetric surface , and 
a reflecting surface. Although conditions for the 
construction of the off -axial block are ambiguous , the 
projecting system having convex and concave optical elements 

15 arranged in that order from a reducing side is different in 
basic construction from this projecting system. The off- 
axial block has been applied to HMDs in combination with a 
reflecting surface. The of f -axial block is considered to be 
an integral assembly of those and positive utilization of 

20 the asymmetry of a surface. 

(16) It is apparent from the foregoing explanation that 
the present invention is different from the prior art 
mentioned in the cited references and the applicant believes 
that the inventiveness of the present invention should not 

25 be denied on the basis of the cited references. 
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